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ABSTRACT 

P o t e n t i a l  day l igh t  EREP passes  over the United S t a t e s  
w e r e  i d e n t i f i e d  by means of simulated Skylab missions based 
on a n  Apri l  3 0 ,  1 2 : 3 Q  EST launch of SL-1. Candidate passes  
w e r e  required t o  simultaneously s a t i s f y  s p e c i f i c  c r i te r ia  

vl regarding dura t ion ,  sun e leva t ion  a t  p o i n t s  along the ground 
- i m  track, the magnitude of be ta  ( t h e  angle  of the s o l a r  vec tor  U W  
fi N- t o  t h e  o r b i t  p lane] ,  and crew time-line in t e r f e rence .  Ninety- 

three such p o t e n t i a l  EREP passes were counted during the SL-2 E -  

mission, ninety-eight during the SL-3 mission, and t h i r t y  
during the SL-4 mission. PI 

The dura t ion  and the l o c a l  times of occurrence of 
t h e  ind iv idua l  passes  a r e  presented g raph ica l ly  f o r  each m i s -  
s i on .  T h e  average pass c h a r a c t e r i s t i c s  ( i .e. ,  dura t ion  and 
l o c a l  t i m e  of occurrence) over five-day i n t e r v a l s  a r e  used 
con junct ion with nationwide averaged cloud s t a t i s t i c s  t o  
mate t h e  e f f e c t s  of cloud cover. T h e  estimate of t h e  c l o  
cover e f f e c t s  is presented i n  terms of " e f f e c t i v e  pass du 
t i o n " ,  def ined as the product of t h e  cloud-free dura t ion  
t h e  p robab i l i t y  t h a t  t h e  ground track cloud cover is less 
than  30%. The e f f e c t i v e  pass dura t ions  during t h e  SL-2 m 
s i o n  a r e  gene ra l ly  about 35% of the  corresponding cloud-f 
pas s  dura t ions ;  about 45% during t h e  SL-3 mission; and ab 
38% f o r  t h e  SL-4 passes  which occur i n  October and November, 
and about 30% f o r  t h e  SL-4 passes which occur i n  December. 
The e f f e c t i v e  pass dura t ions  w h i c h  p r e v a i l  during t h e  August 
2 3  - September 15 period of t h e  SL-3 mission exceed those 

a t o t a l  of about 230 minutes of wel l - l ighted U.S.A. coverage 
w i t h  less than 30% cloud cover can be expected t o  be a v a i l a b l e  
during the  SL-2 mission, about 327 minutes during the  SL-3 
mission,  and about 7 5  minutes during t h e  SL-4 mission. Of 
t h e  ind iv idua l  missions,  therefore ,  SL-3 is expected t o  be 
most productive.  

k a t ta ined  during e i t h e r  of the other two missions.  Summarizing, 
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This inves t iga t ion  of EREP pass  characterist ics and 
t h e  assoc ia ted  prel iminary es t imate  of cloud cover e f f e c t s  
sugges ts  t h a t  s e r i o u s  cons idera t ion  should be given t o  re- 
d i s t r i b u t i n g  t h e  present ly  planned (9/18/18) pass  a l l o c a t i o n  
so as t o  p lace  heavier  emphasis on EREP i n v e s t i g a t i o n s  during 
t h e  SL-3 mission 
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MEMORANDUM FOR F I L E  

In t roduct ion  

T h e  S-190 Multi-Spectral  Photographic F a c i l i t y  w i l l  
e i ther be t h e  prime instrument o r  a supporting sensor  i n  about 
76% of the  earth resources  inves t iga t ions  c u r r e n t l y  under con- 
s i d e r a t i o n  by NASA; reference 1. T h i s  s tudy  was l imi t ed  t o  
cons idera t ion  only of dayl ight  passes ,  simply because of t h e  
paramount importance of photography t o  t h e  major i ty  of EREP 
inves t iga t ions .  I t  of course i s  recognized t h a t  night-t ime 
passes  employing c e r t a i n  of t h e  o the r  EREP sensors  may a l s o  
be desired.  

A s i d e  from adequate l i g h t i n g  of the ground t r a c k  f o r  
a s u f f i c i e n t  dura t ion ,  the  success of performing photography 
w i l l  be inf luenced t o  a la rge  e x t e n t  by t h e  d i s t r i b u t i o n  of 
c louds over the ground t rack .  
t r a c k  during a given pass  i n  t u r n  w i l l  be determined by the  
season, t h e  p a r t i c u l a r  region being overflown, and t h e  l o c a l  
( i .e . ,  s o l a r )  t h e  a t  t h a t  region; Reference 2. T h i s  study 
was f u r t h e r  r e s t r i c t e d  t o  considerat ion only of passes  over 
t h e  U.S., merely i n  order  t o  bound the problem. 
of the world (-e.g., Aus t ra l ia ,  B r a z i l l ,  however, c e r t a i n l y  
w i l l  be inves t iga ted .  

The cloud cover over t h e  ground 

O t h e r  a reas  

The characteristics of the p o t e n t i a l  day l igh t  EREP 
passes  over  the United S t a t e s  w h i c h  occur during the three 
Skylab missions of t h e  basel ine sequence (Reference 31 a r e  
presented i n  this memorandum. The  candidate EREP passes  w e r e  
requi red  t o  simultaneously s a t i s f y  s p e c i f i c  c r i t e r h  regarding: 
t h e i r  occurrence r e l a t i v e  t o  the  c r e w  time l i n e s ;  the minimum 
dura t ion  over w h i c h  t h e  sun e leva t ion  angle  a t  p o i n t s  on the 
ground t r a c k  exceeded a prescribed value;  and, the  maximum 
allowable magnitude of be t a ,  the angle  of the s o l a r  vec tor  t o  
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t h e  o r b i t  plane.  Cloud cover,  however, w a s  n o t  one of 
t h e  pass  s e l e c t i o n  cr i ter ia .  T h e  characteristics of t h e  
p o t e n t i a l  EREP passes  are t h e n  used i n  conjunct ion w i t h  
a v a i l a b l e  cloud s ta t i s t ics  i n  o rde r  t o  estimate t h e  e f f e c t s  
of cloud cover on the  p r o b a b i l i t y  of s u c c e s s f u l l y  performing 
photography . 
P a s s  S e l e c t i o n  Cr i t e r i a  

Skylab missions based on the launch parameters 
( t a b u l a t e d  b e l o w )  which w i l l  be used by MSC/MPAD f o r  genera t ing  
a r ev i sed  Prel iminary Reference  Tra j ec to ry  and F l i g h t  Plan w e r e  
'If lown" v ia  computer s imulat ion i n  o rde r  t o  i d e n t i f y  p o t e n t i a l  
EREP passes  over t h e  U.S.  

Nominal Launch L i f t o f f  Recovery (Local 
Mission D a t e  (1973) T i m e  CESTl Standard T ime]  

12:30 pm --------------- SL-1 A p r i l  30 
SL-2 May 1 
SL-3 J u l y  24  

Noon 9:QQ am - A t l a n t i c  
2 :30  a m  l l : 3 Q  a m  - A t l a n t i c  

SL- 4 October 28 11:15 am Noon - P a c i f i c  

For t h e  purpose of the computer s imula t ions ,  t h e  
U.S. w a s  represented  a s  a ( spher ica l )  r ec t ang le  bounded on 
t h e  south  by 24' no r th  l a t i t u d e  and on t h e  n o r t h  by 50' nor th  
l a t i t u d e ,  and bounded on t h e  east  by 74.5' w e s t  longi tude  and 
on t h e  w e s t  by 1 2 4 '  w e s t  longitude. In  o rde r  t o  q u a l i f y  a s  
a p o t e n t i a l  EREP pass ,  an o v e r f l i g h t  of the U.S .  w a s  r equ i r ed  
t o  simultaneously s a t i s f y  the fol lowing c r i te r ia :  

1. T h e  du ra t ion  of t h e  po r t ion  of a pass f o r  which 
t h e  sun e l e v a t i o n  angle  a t  p o i n t s  on t h e  ground 
track i s  g r e a t e r  than a prescr ibed  minimum value  
must exceed one minute. The minumum acceptab le  
sun e leva t ion  angle w a s  assumed t o  be 30' i n  
"summer" (i.e.,  during t h e  SL-2 and SL-3 missions 
when the sun ' s  d e c l i n a t i o n  i s  n o r t h e r l y ) ,  and w a s  
assumed t o  be 20' i n  "winter" ( i .e . ,  during the 
SL-4 mission when t h e  s u n ' s  d e c l i n a t i o n  is south- 
e r l y )  ; Reference 4 .  

2. B e t a  (the angle  of t h e  so la r  vec to r  t o  t h e  o r b i t  
plane)  must be less than 5Q'. 

3 .  T h e  pass  must occur either between 6:QQ and 10:30 
EST, o r  between 12:OQ and 16:Oa EST on any day. 
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The f i r s t  c r i t e r i o n  embodies two d i s t i n c t  cons idera t ions .  
One minute was a r b i t r a r i l y  se l ec t ed  a s  a dura t ion  l i m i t  below 
which t h e  acqu i s i t i on  of a s u f f i c i e n t  quan t i ty  of d a t a  t o  make 
it worthwhile t o  re -or ien t  the c l u s t e r  t o  z-local v e r t i c a l  ap- 
peared unl ike ly .  
e l eva t ion  angles a t  po in ts  along t h e  ground t r a c k  ensures ade- 
qua te  l i g h t i n g  f o r  performing S-190 photography. It should be 
noted t h a t  only t h a t  po r t ion  of a pass f o r  which t h e  minimum 
sun e l eva t ion  c o n s t r a i n t  w a s  s a t i s f i e d  while over the U . S .  w a s  
counted when t abu la t ing  pass  durat ions.  The second c r i t e r i o n  
r e f l e c t s  the f l i g h t  r u l e  (based on thermal and e lectr ical  power 
cons idera t ions)  p roh ib i t i ng  the c l u s t e r  from en te r ing  t h e  z- 
l o c a l  ver t ical  a t t i t u d e  when be ta  exceeds 50°. The t h i r d  cri te- 
r i o n  conforms w i t h  t h e  crews t i m e l i n e s  developed i n  Reference 
5. Since t h e  c r e w  t ime l ines  a r e  t e n t a t i v e ,  this c r i t e r i o n  w a s  
no t  considered t o  be inv io lab le .  Consequently, occasional  pas- 
ses which s t a r t e d  o r  ended within f i v e  minutes of one of t h e  
s t a t e d  time boundaries w e r e  accepted a s  candidate  EREP passes;  
e.g. ,  a pass which s t a r t e d  a t  11:56 EST and ended a t  12:07 EST 
would be counted as an eleven minute pass.  For the purpose of 
t h i s  i nves t iga t ion  it was a l so  assumed t h a t  the first and l a s t  
days of each m i s s i o n  would be devoted t o  Workshop a c t i v a t i o n  
and shutdown opera t ions ,  respec t ive ly .  P o t e n t i a l  EREP passes  
occurr ing on e i t h e r  t h e  f i r s t  o r  l a s t  days of each mission 
accordingly w e r e  omitted from t h e  t abu la t ions .  This  l a s t  
assumption i s  somewhat o p t i m i s t i c  wi th  regard t o  the number 
of p o t e n t i a l  passes  counted s ince  probably two days, r a t h e r  
than only one, w i l l  be unavai lable  f o r  experimentation a t  each 
end of the mission, nor have EVA days been excluded. Further- 
more, although a l l  the  p o t e n t i a l  EREP passes  are i d e n t i f i e d  
he re ,  it should be recognized t h a t  during t h e  a c t u a l  mission 
t h e  EREP passes  cannot be chosen a r b i t r a r i l y .  This i s  because 
there a re  y e t  o t h e r  ( f l i g h t )  r u l e s  regarding the  allowable 
frequency of e n t r y  i n t o  Z-LV, number of consecutive Z-LV 
o r b i t s ,  etc. 

The s p e c i f i c a t i o n  of minimum acceptable  sun 

P o t e n t i a l  EREP Pass  Charac t e r i s t i c s  

C i r c l e s  and squares,  r e spec t ive ly ,  a r e  used t o  de- 
n o t e  ascending and descending passes i n  t h e  accompanying f i g -  
ures .  Ascending passes  are those  during which the spacec ra f t  
crosses t h e  region of i n t e r e s t  w h i l e  t r a v e l i n g  no r the r ly ;  t h e  
ground t r acks  of ascending passes accordingly extend i n  a 
g e n e r a l l y  southwest-to-northeast  d i r ec t ion .  Descending pas- 
ses a r e  those  during w h i c h  the region of interest is crossed 
by the spacec ra f t  while t r ave l ing  souther ly ;  t h e  ground t r a c k s  
of descending passes  extend i n  a gene ra l ly  northwest-to-south- 
east  d i r e c t i o n .  Por t ions  of a few of t h e  h igh  l a t i t u d e  as- 
cending pass  ground t r a c k s  shown l a t e r  ( i n  F igure  121 are 

_ _  
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a c t u a l l y  descending, and conversly f o r  a few of the descending 
pass ground t r acks  Cin Figure 13). For s i m p l i c i t y  these  cases  
w e r e  resolved by categorizing passes a s  "ascending" i f  t h e  
l a t i t u d e  of the e a s t e r n  end point  of the pass was f a r t h e r  nor th  
than t h a t  of t h e  western end po in t ,  and vice versa  f o r  descending 
passes.  

Figures  1, 3, and 5 p re sen t  the  dura t ions  of t h e  
candidate  EREP passes  which occur during the SL-2, SL-3, and 
SL-4 missions,  respec t ive ly .  Figures  2 ,  4, and 6 presen t  the 
assoc ia ted  range of l o c a l  t i m e  (dependent on the l ong i tud ina l  
e x t e n t  of each pass) spanned by each pass.  T h e  mean l o c a l  
time of each pass  is a l s o  ind ica ted  i n  these f igu res .  T h e  
mean t i m e  of a pass i s  simply the  average of t he  l o c a l  times 
p reva i l i ng  a t  the end p o i n t s  of a pass ,  and is no t  weighted 
by t h e  por t ions  of a pass s p e n t  over d i f f e r e n t  t ine  zones. 
T h e  d i s t i n c t i o n  between EST, the time frame on w h i c h  the as t ro -  
nauts  l i v e  ( the b a s i s  €or the  t h i r d  pass-select ion c r i t e r i o n ) ,  
and the l o c a l  s o l a r  time (LST) actually preva i l ing  a t  t h e  
region being overflown should be noted. Data f o r  the 2 Q 0  and 
30° sun e l eva t ion  angle  cons t r a in t s  a r e  presented i n  Figures 
5 and 6 i n  order  t o  show the e f f e c t  of re lax ing  t h i s  c o n s t r a i n t  
during the SL-4 mission. 

T h e  p o t e n t i a l  EREP passes  a r e  numbered sequen t i a l ly  
i n  o rde r  of their  occurrence i n  Figures 1 through 6. T h e  d a t a  
i n  each of these f i g u r e s  a r e  p l o t t e d  w i t h  r e spec t  t o  a dua l  
absc issa ,  one ind ica t ing  pass number, and the other ind ica t ing  
calendar  d a t e  of occurrence. Because the  d a t a  are p l o t t e d  in 
t h i s  manner, the lengths  of t he  ind iv idua l  ho r i zon ta l  s t r o k e s  
of t h e  "date" absc i s sa  are i n d i c a t i v e  of the number of passes  
occurr ing on a p a r t i c u l a r  date.  The average dura t ion  and the 
average l o c a l  time of occurrence of a l l  ascending (.or descending] 
passes  which occur during. a mission a r e  represented by center-  
l i n e s  (-*-).  The pass c h a r a c t e r i s t i c s  averaged over (generally) 
f ive-day i n t e r v a l s  are denoted by dashed l i n e s  (---). (Five 
days is  a somewhat n a t u r a l  cycle s i n c e  the ground t r a c k s  n e a r l y  
r e p e a t  every f i v e  days.) Average pass c h a r a c t e r i s t i c s  over 
o t h e r  than five-day i n t e r v a l s  a r e  sometimes presented, s i m p l y  
because the  number of consecutive days i n  a mission on which 
e i t h e r  ascending o r  descending passes w i l l  occur is no t  neces- 
s a r i l y  a mul t ip le  of f i ve .  T h e  characteristics of the U.S. 
EREP passes  revealed i n  f igu res  1 through 6 a r e  d iscussed  below.  

The EREP passes occurring during the f i r s t  f i v e  
days of t h e  SL-2 mission w i l l  a l l  b e  ascending passes.  Both 
ascending and descending passes will occur b e t w e e n  May 7 and 
20. A f t e r  May 20 ,  and u n t i l  t h e  end of t h e  mission, a l l  
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passes  w i l l  be descending. W i t h  t h e  exception of only one 
day e a r l y  i n  the mission and two days a t  t he  end, a t  l e a s t  
three p o t e n t i a l  W P  passes  w i l l  occur on every day of t h e  
SL-2 mission. A maximum of f i v e  p o t e n t i a l  passes occur on 
May 16,  and four  passes  usua l ly  occur on each of the seven 
days before  and a f t e r  May 16. A t o t a l  of 93 p o t e n t i a l  EREP 
passes  (42 ascending and 51 descending) w e r e  found t o  occur 
during the e n t i r e  SL-2 mission. 
t ha t  n ine  EREP passes  w i l l  a c tua l ly  be performed during the 
SL-2 mission; i .e.,  about one o u t  of every t e n  p o t e n t i a l  pas- 
ses w i l l  a c t u a l l y  be used. 

It is  p resen t ly  planned 

Descending EREP passes w i l l  occur during t h e  f i r s t  
s i x  days of the SL-3 mission. This w i l l  then be followed by 
a 2-1/2 week period during w k i c h  no passes  w i l l  occur a t  a l l .  
T h i s  i s  followed by a three-week per iod of exc lus ive ly  ascend- 
ing passes.  T h e  passes  w i l l  occur w i t h  a frequency of only 
one per day during the f i rs t  f i v e  days of this period,  tken 
increas ing  t o  two o r  three a day f o r  the n e x t  t e n  days. De- 
scending passes w i l l  begin to  occur on about September l. 
Both ascending and descending passes  w i l l  occur during the 
period from September 1 through September 13, w i t h  a t o t a l  
of three o r  four  passes  occurring d a i l y .  Only descending pas- 
ses w i l l  occur a f t e r  September 13. A t o t a l  of 98 p o t e n t i a l  
EREP passes (55 ascending and 43 descending} w e r e  found t o  
occur during the e n t i r e  SL-3 mission. It is presently plapaed 
tha t  18 EREP passes w i l l  a c t u a l l y  be performed during the SL-3 
mission; i .e. ,  about one out  of every f i v e  p o t e n t i a l  opportuni- 
t ies w i l l  be used. 

T h e  p i c t u r e  f o r  t h e  SL-4 mission changes q u i t e  
d r a s t i c a l l y .  Ascending passes w i l l  occur during the first 
t w o  days of t h e  mission. T h i s  w i l l  be followed by a per iod 
of almost t w o  w e e k s  during which no passes  w i l l  occur. De-  
scending passes w i l l  occur during a ten-day per iod in Novem- 
b e r ,  a t  f requencies  varying between one and three per day. A 
one-month per iod wherein again no passes  occur begins on 
November 27. Ascending passes then w i l l  occur a t  f requencies  
of one o r  two per  day during a three-day per iod near the end 
of the t h i r d  w e e k  i n  December. 
p o t e n t i a l  EREP passes (9 ascending and 21 descending) t o  occur 
during the  e n t i r e  SL-4 mission. Since 18 EREP passes  a r e  
a l s o  planned t o  be performed during this  mission Ci.e., on 
t h e  average, using b e t t e r  than every o the r  a v a i l a b l e  pass  
oppor tun i ty ) ,  not  very many pass  oppor tun i t i e s  could b e  defer-  
red without poss ib ly  jeopardizing the completion of t h e  experi-  
ment ob jec t ives .  

The simulat ion ind ica ted  only 30 
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Comparing the da ta  for  twenty degree and t h i r t y  
degree sun e l eva t ion  angles i n  Figure 5 i n d i c a t e s  that, a s  
expected, re lax ing  t h e  sun e leva t ion  c o n s t r a i n t  ( i n  genera l )  
increased t h e  pass durat ion.  I t  i s  s u r p r i s i n g  t o  note ,  how- 
ever ,  t h a t  no new passes became acceptable.  There a r e  s t i l l  
only 30 i n  the  e n t i r e  56 day period. Figure 6 shows t h a t  the 
average LST f o r  t h e  ascending passes i s  about a half-hour 
l a te r  with the relaxed sun e leva t ion  c o n s t r a i n t ;  i .e . ,  
re lax ing  t h e  sun e l eva t ion  cons t r a in t  gene ra l ly  extends the 
passes eastward. Relaxing the sun  e l eva t ion  c o n s t r a i n t  moves 
t h e  descending pass average LST about 15 minutes earlier,  
i . e . ,  t h e  descending passes are  extended wester ly  by re lax ing  
the  cons t r a in t .  

Figures 7 through 11 present  t he  d a t a  of Figures  
1 through 6 r e p l o t t e d  i n  "LST/duration-space;" t h e  e x p l i c i t  
i nd ica t ion  of t h e  da tes  of pass occurrence,  however, i s  l o s t  
i n  the  process.  The same symbolism f o r  i nd ica t ing  ascending 
and descending passes i s  used again,  and the passes  a r e  num- 
bered a s  before.  Each f igu re  i s  sub-divided i n t o  t h e  (general-  
l y )  five-day i n t e r v a l s  of t h e  previous f i g u r e s ,  and t h e  mean 
LST and dura t ion  of the  "average" pass during each i n t e r v a l  
is  ind ica t ed  by a t a r g e t  [e). 
group) t h a t  the average ascending o r  descending passes occur 
a t  success ive ly  e a r l i e r  l oca l  times a s  any of t h e  three m i s -  
s i o n s  progress i n  t i m e .  T h i s  observat ion appl ies  t o  the av- 
e rages  f o r  five-day i n t e r v a l s  t h a t  a r e  t h e - w i s e  contiguous 
but  excludes the s h o r t  (i.e.! two passes over two days) Septem- 
be r  12-13 i n t e r v a l  of ascending passes nea r  the end of the  SL-3 
mission. 
c o n s i s t e n t  t rends.  

These f igu res  show here c l e a r l y  than  the preceding 

T h e  average pass durat ions do n o t  e x h i b i t  any similar, 

T h e  use  of t he  previously presented d a t a  in esti- 
mating the effects of cloud cover on EREP inves t iga t ions  is 
discussed below. 

Cloud Cover Ef fec t s  

Reference 2 i s  deemed t o  be the best compendium of 
worldwide cloud s t a t i s t i c s  cu r ren t ly  ava i l ab le .  
of re ference  2 which incorporates  s a t e l l i t e - a c q u i r e d  d a t a  was 
r e c e n t l y  completed by t h e  same authors  bu t  has not  been pub- 
l i s h e d  i n  i t s  e n t i r e t y  y e t . )  
r e f e rence  2 f o r  29 nominally homogeneous c l imato logica l  regions 
chosen t o  r ep resen t  the earth; most of these regions are re- 
peated two o r  more t i m e s  over the globe. Por t ions  of twelve 
of these 29 c l imato logica l  regions appear i n  t h e  rec tangular  
r ep resen ta t ion  of t h e  U . S .  employed i n  the EREP pass simula- 
t i o n s .  The  d i u r n a l  and seasonal v a r i a t i o n s  of cloud cover 

(An extension 

Cloud cover d a t a  a r e  given i n  
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pecu l i a r  t o  these  p a r t i c u l a r  twelve regions,  t he re fo re ,  can 
s u b s t a n t i a l l y  a f f e c t  t h e  probable success of EREP photography. 
How t h e  p o t e n t i a l  EREP passes a r e  d i s t r i b u t e d  with r e spec t  t o  
t h e  var ious cloud regions thus i s  t h e  next  quest ion of i n t e r -  
est .  

Figure 1 2  shows the  ground t r acks  of the p o t e n t i a l  
ascending EREP passes which occur during the SL-2 mission; 
t h e  d i v i s i o n  of t h e  rectangular  U . S .  i n t o  t h e  1 2  p e r t i n e n t  
c l imato logica l  regions i s  a l so  shown. The ground t r acks  of 
t he  passes appear t o  be r a t h e r  uniformly d i s t r i b u t e d  with 
r e spec t  t o  t h e  var ious cloud regions.  The ground t r a c k s  of 
t h e  descending passes during the  SL-2 mission, a s  w e l l  a s  
those of t h e  passes occurring during t h e  o t h e r  two missions 
e x h i b i t  s i m i l a r  uniformity.  (Figures 1 2 3  through 1 2 5  of R e f -  
erence 6 ,  a l b e i t  f o r  a p r i o r  set  of laufich p a r m e t e r s ,  exhi- 
b i t  s i m i l a r  uniformity of the ground t r ack  d i s t r i b u t i o n s . )  

T h e  uniformity of the ground t r a c k  d i s t r i b u t i o n s  
i n  r e l a t i o n  t o  the  cloud regions shown i n  Figure 1 2  suggests  
than an estimate of cloud cover e f f e c t s  based on a nation- 
w i d e  average of the cloud s t a t i s t i c s  f o r  the e n t i r e  U.S.  
could be ca l cu la t ed  q u i t e  simply. The nationwide average 
could be taken t o  be t h e  weighted sum of t h e  s t a t i s t i c s  f o r  
t he  1 2  c l imato logica l  regions which appear in the rec tangular  
r ep resen ta t ion  of the U . S . ,  the weighting f a c t o r  f c r  each 
region simply being its percentage con t r ibu t ion  t o  the t o t a l  
a r e a  of t h e  rectangle .  It is recognized t h a t  def ining t h e  
weighting f a c t o r s  s t r i c t l y  geometr ical ly  does no t  account f o r  
t h e  d i f f e rences  i n  t ime spent  over var ious  l a t i t u d e s  by a 
spacec ra f t  in  an inc l ined  orbi t .  T h i s  def ic iency  is a t  least  
p a r t i a l l y  o f f s e t  by the fact  that  [for a 50° i n c l i n a t i o n  o r b i t )  
the d i f f e rence  i n  the time spent  over var ious  l a t i t u d e s  is n o t  
very  s i g n i f i c a n t  f o r  l a t i t u d e s  less than about 4 6 O .  Fortu- 
n a t e l y ,  the major i ty  of i n t e r e s t i n g  ground sites seem t o  be 
d i s t r i b u t e d  a t  m o r e  souther ly  l a t i t u d e s .  T h e  weighting fac- 
to rs  for  the 1 2  reg ions  defined i n  the foregoing manner (and 
based on a sphe r i ca l  sur face)  a r e  given i n  Table I. 

The weighted average unconditional* p r o b a b i l i t i e s  
that  t h e  cloud cover is  less than 30% a r e  presented in Figure 

-- 
*The cons idera t ion  of s p a t i a l  and/or temporal condi t iona l  

cloud s t a t i s t i c s  is presen t ly  thought t o  require the appl ica-  
t i o n  of Monte Carlo techniques.  T h i s  i s  a Itsecond generat ionm 
s tudy  which may be the t o p i c  of a subsequent memorandum. 
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13 versus  l o c a l  time f o r  the months of the  year  when p o t e n t i a l  
EREP passes occur during the three missions.  The d a t a  pre- 
sented i n  Figure 13  w e r e  ca lcu la ted  by applying t h e  weighting 
f a c t o r s  of Table I t o  t h e  appl icable  cloud s ta t i s t ics  of Refer- 
ence 2.  Reference 2 presents  the uncondi t ional  p r o b a b i l i t i e s  
of the  occurrence of f i v e  ca tegor ies  of cloud cover on a month- 
l y  b a s i s ,  w i t h  d a t a  being given a t  3-hour i n t e r v a l s  f o r  each 
month. T h e  f i v e  ca t egor i e s  of cloud cover def ined i n  Refer-  
ence 2 vary from c l e a r  t o  100% overcas t .  Th i r ty  percent  cloud 
cover w a s  adopted as the b a s i s  f o r  t h i s  s tudy f o r  two reasons.  
F i r s t ,  this appears t o  be an i n t u i t i v e l y  reasonable  l i m i t  f o r  
performing photography. Second, t h e  necessary d a t a  could be 
generated q u i t e  conveniently be  merely summing the s t a t i s t i c s  
f o r  t h e  Category 1 and Category 2 clouds of Reference 2.  

As noted e a r l i e r ,  the success of most of the EREP 
i n v e s t i g a t i o n s  proposed by MSC w i l l  hinge on success fu l ly  
performing primary o r  supporting photography. Axiomatically,  
the probab i l i t y  of successfu l ly  performing photography on a 
given pass  must depend both  on the dura t ion  of the pass  having 
adequate l i g h t i n g ,  and a l s o  on the p r o b a b i l i t y  of there being 
a s u f f i c i e n t l y  low l e v e l  of cloud cover (i.e., F 3Q% f o r  t h i s  
study1 along t h e  ground t rack.  For the purpose of es t imat ing  
t h e  effects of cloud cover,  then, an empir ica l  " e f f e c t i v e  pass 
durat ion" was def ined s i m p l y  as the product of these two para- 
meters. Figure 13 r evea l s  t h a t  the d i u r n a l  v a r i a t i o n  iri the 
cloud cover p r o b a b i l i t i e s  over t he  p e r t i n e n t  span of l o c a l  
t i m e  (i.e., between about 7:OO and 1 4 : O O l  is  a t  most about 
1 2 % .  Figures 7 t o  11 on the o the r  hand o f t e n  show v a r i a t i o n s  
i n  average pass dura t ion  (between contiguous 5-day i n t e r v a l s )  
of 45-50%. The v a r i a t i o n  in magnitude of the e f f e c t i v e  pass  
du ra t ion  the re fo re  w i l l  genera l ly  be determined by the var ia -  
t i o n  i n  t h e  cloud-free pass  durat ion.  

E f f e c t i v e  pass durat ions w e r e  ca l cu la t ed  according 
t o  the foregoing d e f i n i t i o n ,  mult iplying the 5-day average 
pass  dura t ions  (from Figures  7 t o  111 by the cloud probabi l i -  
t i es  (Figure 131 a t  the appropr ia te  mean l o c a l  times and 
months. The ca l cu la t ed  e f f e c t i v e  pass  du ra t ions  and the cor- 
responding pass dura t ions  in  the absence of clouds a r e  pre- 
s en ted  i n  f i g u r e s  1 4  through 1 6  f o r  t he  three missions.  Data 
f o r  the two values  of the sun e l eva t ion  angle  c o n s t r a i n t  a r e  
again presented ( in  F igure  1 6 )  f o r  the SL-4 mission. 

Figure 1 4  f o r  the SL-2 mission i n d i c a t e s  that the  
maximum average e f f e c t i v e  ascending pass  dura t ion  p r e v a i l s  f o r  
t h e  i n i t i a l  five-day i n t e r v a l  of the mission, and then dec l ines  
s t e a d i l y  f o r  the i n t e r v a l s  l a t e r  in the mission. W i t h  the 
except ion of t h i s  f i r s t  five-day i n t e r v a l ,  the e f f e c t i v e  de- 
scending pass  du ra t ions  are longer than those f o r  the ascending 



- 9 -  

passes;  ( t h i s  could have implicat ions regarding EREP ground 
s i t e  s e l e c t i o n ) .  T h e  e f f e c t i v e  descending pass  dura t ion  re- 
mains a t  approximately a constant  l e v e l  of about t h r e e  minutes 
f o r  t h e  e n t i r e  period between May 7 and May 2 1 ,  and then f a l l s  
o f f  by about 35% during the l a s t  five-day i n t e r v a l  of descending 
passes.  During the SL-2 mission the e f f e c t i v e  pass dura t ions  
based on 30% cloud cover a r e g e n e r a l l y  about 35% of the  cor- 
responding cloud-free pass durations.  A t o t a l  of about 230 
minutes (103 minutes f o r  ascending passes and 127  minutes f o r  
descending passes1 of well-l ighted U.S.A. coverage w i t h  less 
than 30% cloud cover can be expected t o  be a v a i l a b l e  during 
the SL-2 mission. 

Figure 1 5  i nd ica t e s  t h a t  the s h o r t e s t  e f f e c t i v e  pass 
dura t ions  during the SL-3 mission p r e v a i l  i n  the f i r s t  f i ve -  
day i n t e r v a l  (July 2 5 - 3 0 ] .  This i n i t i a l  i n t e r v a l  i s  followed 
by a 2-1/2 w e e k  per iod a t  t h e  s t a r t  of August during which no 
passes  occur a t  a l l .  W i t h  the  exception only of a five-day 
i n t e r v a l  (August 18-22)  of ascending passes  when the occur- 
rence of passes resumes ,  the e f f e c t i v e  pass  dura t ions  (of hoth 
ascending and descending passes) during the  l a t t e r  h a l f  of 
t h e  SL-3 mission a r e  s u b s t a n t i a l l y  longer than those in Ju ly .  
I t  i s  noteworthy t h a t  the  e f f e c t i v e  pass dura t ions  which pre- 
v a i l  during t h e  August 23 - September 1 5  period a r e  longer 
than  those a t t a i n e d  during e i t h e r  of t h e  o t h e r  two missions.  

Scheduling EREP i nves t iga t ions  t o  heavi ly  u t i l i z e  
t h e  ascending pass oppor tuni t ies  during t h e  August 2 3  - Septem- 
be r  7 per iod,  and/or t o  u t i l i z e  the descending passes during 
the September 1-15 period accordingly would appear t o  a f fo rd  
the b e s t  chances of success f o r  the o v e r a l l  mission. This 
observat ion c e r t a i n l y  would n o t  preclude the s e l e c t i o n  of 
s p e c i f i c  i nd iv idua l  passes during the  J u l y  25-30 o r  August 
18-22 periods i f  t h i s  appeared d e s i r a b l e  due t o  cons idera t ions  
of real-t ime cloud information, pass dura t ion ,  and t a r g e t  a r ea  
covered. During t h e  SL-3 mission the e f f e c t i v e  pass dura t ions  
based on 30% cloud cover a re  gene ra l ly  about 45% of t h e  corre-  
sponding cloud-free pass durat ions.  A t o t a l  of about 327 
minutes (186 minutes f o r  ascending passes  and 1 4 1  minutes f o r  
descending passes)  of w e l l  l i gh ted  U.S.A. coverage With less 
than 30% cloud cover can be expected t o  be a v a i l a b l e  during 
t h e  SL-3 mission. 

F igure  16 [a and b). i n d i c a t e s  that  max imum e f f e c t i v e  
pass du ra t ions  f o r  t h e  SL-4 mission p r e v a i l  during the l a s t  
t w o  days of October, a s  soon as EREP oppor tun i t i e s  hecome ava i l -  
ab le .  Regardless of the magnitude of the sun e l eva t ion  con- 
s t r a i n t ,  the e f f e c t i v e  pass dura t ions  only g e t  shorter a f t e r  
t h i s  i n i t i a l  i n t e r v a l ,  Due t o  the marked d e c l i n e  in e f f e c t i v e  
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pass dura t ions  of both t h e  ascending and the descending pass 
oppor tun i t i e s  occurr ing i n  December, it would appear advan- 
tageous t o  attempt t o  perform a l l  EREP a c t i v i t y  p r i o r  t o  Novem- 
ber  17.  H e r e ,  again,  opportune passes can of course be s e l e c t e d  
regard less  of when they occur during the mission. During t h e  
SL-4 mission t h e  e f f e c t i v e  pass dura t ions  based on 30% cloud 
cover a r e  gene ra l ly  about 3 8 %  of the corresponding cloud-free 
pass dura t ions  f o r  those passes w h i c h  occur i n  October and 
November, and about 30% f o r  those which occur i n  December. A 
t o t a l  of about 75 minutes (23 minutes f o r  ascending passes  and 
5 2  minutes f o r  descending passes1 of wel l - l ighted U . S . A .  cover- 
age wi th  less than 30% cloud cover can be expected t o  be ava i l -  
a b l e  during t h e  SL-4 mission. . 

Fur ther  Corroboration 

T h e  e f f e c t i v e  pass du ra t ion  d a t a  presented in Figures  
1 4  through 1 6  w e r e  ca lcu la ted  on the b a s i s  of pass  du ra t ions  
and times of occurrence averaged over five-day i n t e r v a l s :  i.e., 
t h e  t a r g e t  po in t s  ( 
however, l a r g e  devia  ions  of the dura t ions  of ind iv idua l  pas- 
ses from the five-day averages a r e  conspiciously frequent .  
The inc lus ion ,  p a r t i c u l a r l y ,  of s h o r t  du ra t ion  passes  i n  the 
five-day averages undermines the concept of basing the esti- 
mate of cloud cover e f f e c t s  on nationwide average cloud s t a -  
t i s t ics .  T h i s  i s  because (as re ference  t o  F igure  1 2  
shows) s h o r t  dura t ion  passes  by their na tu re  ove r f ly  only 
l i m i t e d  numbers of the c l imato logica l  regions.  In o rde r ,  
t he re fo re ,  t o  enhance t h e  c r e d i b i l i t y  of the concept on which 
Figures  14-16 are based, a piecewise method of eva lua t ing  
cloud e f f e c t s  w a s  employed i n  o rder  t o  cor robora te  two spe- 
c i f i c  da t a  poin ts .  The two poin ts  selected w e r e  f o r  the 
ascending passes  during the May 2-6 i n t e r v a l  of the SL-2 m i s -  
s i o n ,  and f o r  t he  descending passes during the  November 17- 
22  i n t e r v a l  of t h e  SL-4 mission. The average pass  dura t ion  
f o r  t h e  May 2-6 i n t e r v a l  is 9 . 4  minutes and wi th  only one 
except ion,  a l l  t h e  ind iv idua l  passes  (of which there a r e  141 
a r e  a t  l e a s t  6 . 7  minutes i n  durat ion.  I n t u i t i v e l y ,  the con- 
c e p t  of na t iona l  average cloud s t a t i s t i c s  could b e  expected 
t o  be  reasonably v a l i d  f o r  this poin t .  
t h e  average pass  dura t ion  for  the November 17-22 i n t e r v a l  is 
only  3 . 2  minutes,  and t h e  durat ion of two of the n i n e  passes  
i n  t h e  group is less than 2 minutes. T h e  va lues  c i t e d  a r e  
fo r  30° sun e leva t ion  angle  c o n s t r a i n t  [Figure llb1. This 
va lue  of the sun e l eva t ion  angle  c o n s t r a i n t  was s e l e c t e d  i n  
preference  t o  t h e  2 0 °  case  because of its shorter average 
du ra t ion ,  thereby making this check po in t  a m o r e  s eve re  test 
of the  na t iona l  average cloud cover concept. 

of Figures 7-11, In F igures  14-16 ,  8' 

A t  t h e  oppos i te  extreme, 
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Figures  1 7 a  and 1 7 b  p re sen t  the ground t r a c k s  of 
t he  1 4  ascending passes which occur during the May 2-6 per iod;  
these  ground t r acks  a r e  d i s t r i b u t e d  r a t h e r  uniformly w i t h  re- 
s p e c t  t o  t h e  1 2  c l imato logica l  regions.  Figure 1 8  p re sen t s  
the  ground tracks of t h e  nine descending passes  which occur 
during t h e  November 17-22 i n t e rva l .  T h e  beginning ( i . e . ,  t h e  
no r th  end) of each of t h e  ground t r a c k s  i s  con t ro l l ed  by t h e  
30' sun e l eva t ion  cons t r a in t ,  r a t h e r  than by the nor thern  o r  
w e s t e r n  boundaries of the  U.S. As a r e s u l t ,  two of the  re- 
gions (8 and 111 which cont r ibu te  most heavi ly  t o  t h e  nation- 
wide average cloud s t a t i s t i c s  are n o t  overflown a t  a l l .  

The  ground t r a c k  of t h e  n i n t h  ascending pass w i l l  
be used t o  i l l u s t r a t e  the mechanics of the piecewise cloud- 
e f f e c t  eva lua t ion  procedure. T h e  ground t r a c k  is sub-divided 
i n  s i x  segments, each crossing of a c l i m a t i c  region boundary 
o r  t i m e  zone boundary being considered a s  a breaking point .  
T h e  dura t ion  of t h e  spacecraf t  over each of the segments w a s  
approximated by p ro ra t ing  t h e  t o t a l  pass dura t ion  (from the 
d i g i t a l  computer simulations) by the  r a t i o  of the segment l e n q t h  
t o  t h e  t o t a l  pass l eng th  (scaled from the f i g u r e ) .  As il- 
l u s t r a t e d  i n  t h e  following t a b l e ,  an e f f e c t i v e  dura t ion  was 
ca l cu la t ed  f o r  each segment of the pass by mult iplying the 
dura t ion  over the segment by the appropr ia te  p r o b a b i l i t y  read 
f r o m  Figure 19 f o r  the region and l o c a l  t i m e  pecu l i a r  t o  the 
segment; the e f f e c t i v e  durat ion f o r  the pass is then the s i lm 
of t h e  values  f o r  t h e  six segments. 

ion  Overflown 

Cloud cover thus w i l l  degrade t h e  p r o b a b i l i t y  of success fu l ly  
performing photography on t h e  n i n t h  pass  hy ahout 62%. 

The foregoing procedure was appl ied t o  each of t h e  
14 May 2-6 ground t r a c k s  and the r e s u l t i n g  e f f e c t i v e  du ra t ions  
averaged; t h i s  va lue  i s  p lo t t ed  a s  a t r i a n g l e  in Figure 1 4 .  
T h e  same procedure was a l s o  appl ied  t o  the n ine  November 17-22 
ground t r a c k s  using the cloud s t a t i s t i c s  sEmm i n  Figure 20 
(data f o r  the regions n o t  overflown a r e  omitted1 ; t he  resu l -  
t a n t  five-day average is p lo t t ed  as a t r i a n g l e  in Figure 17b. 
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The values  of e f f e c t i v e  pass du ra t ion  ca l cu la t ed  f o r  both check 
poin ts  by t h e  two d i f f e r e n t  procedures agree  t o  wi th in  1 0 % .  
The concept of nationwide cloud s t a t i s t i c s  seemingly, there- 
f o r e ,  does n o t  oversimplify the problem t o  the po in t  of y i e ld ing  
g ross ly  u n r e a l i s t i c  r e s u l t s .  

Conclusion 

The preliminary es t imate  of cloud cover e f f e c t s  
presented he re in  i n d i c a t e s  t h a t  a t o t a l  of about 230 minutes 
of wel l - l ighted U . S . A .  coverage w i t h  less than 30% cloud cover 
can be expected t o  be ava i l ab le  during the SL-2 mission, about 
327  minutes during the SL-3 mission, and about 75  minutes 
during the SL-4 mission. Based on the premise that  these d a t a  
appear t o  have a reasonable degree of v a l i d i t y ,  r e - d i s t r i b u t i n g  
the  p resen t ly  planned 9/18/18 EREP pass a l l o c a t i o n  between 
the three missions seems t o  be  a mat ter  which deserves ser- 
i ous  considerat ion.  Such a r e -d i s t r ibu t ion  should p lace  heavier  
emphasis on EREP during t h e  SL-3 mission. 
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TABLE I 

Weighting Factor for Climatological Regions 

Region 

1 

2 

4 

5 

7 

8 

11 

12 

13 

18 

19 

20 

Weishtins Factor 

.045 

.133 

.090 

.023 

.052 

.126 

.266 

.014 

.014 

.028 

.177 

.033 
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